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© Gulde-mlcrostrlp transition Integrating a polarization filter in hermetic active modules with high 
packing and associated modules. 



© A guide-microstrip transition including a decoupl- 
ing filter on the power supply is described. The 
transition is used in hermetic active microwave mod- 
ules (SSPA) with high packing. It comprises a glass 
bead coupling a microstrip of a MIC to a probe 
functioning as an antenna in a resonant cavity com- 
municating with a wave guide. The probe also com- 
prises a cylindrical conductor with very small diam- 
eter and electrical length equal to one-fourth wave 
length at a frequency of 20GHz connected to the 
centre of the armature of a discoid capacitor acting 
as a short-circuit for the RF. A connector is also 
connected to the centre of said armature and to a 
battery. The connector and the cylindrical conductor 
are aligned on the same axis of the glass bead. 
There is also described a triple amplification module 
obtained by using said transitions. 
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The present invention relates to the field of 
circuit module engineering for equipment operating 
at microwaves, and in particular concerns a guide- 
microstrip transition integrating a polarization filter 
in hermetic active modules with high packing, and 
associated modules obtained by using said transi- 
tions. 

As is known, recent developments in the tech- 
nology of manufacturing gallium arsenide electronic 
devices for applications in the microwave field, 
have allowed provision of field effect transistors 
(GaAsFET) capable of amplifying signals included 
in the SHF and EHF bands. Said transistors are 
generally used to provide solid state power amplifi- 
ers (SSPA). 

Power amplification in these frequency bands 
was usually actuated by traditional Travelling Wave 
Tube Amplifiers (TWTA) but the advantages of 
solid state amplifiers are considerable in terms of 
reliability, linearity and size reduction, which are 
extremely useful characteristics for certain ad- 
vanced applications such as space and avionics 
applications. 

However, the power obtainable from single 
GaAsFETs in said frequency bands are still limited 
and therefore, in applications in which fair signal 
power is necessary, it becomes necessary to use 
several solid state amplification modules with par- 
allel outlets. One generally adopted solution for 
summing the individual powers is to use a wave 
guide power combiner taking the individual am- 
plified signals at the output of each amplifier mod- 
ule and conveying them into a single wave guide. 
The combination of the individual modules behaves 
like a single SSPA module of greater power. 

For an amplifier obtained as above, it is useful 
to adopt all technical provisions capable of reduc- 
ing the overall dimensions of the combination, if it 
is desired to hold unchanged the above advan- 
tages, especially when the amplifier is located on 
board a telecommunications satellite. 

A microwave amplification module, called also 
active module, is generally made up of a micro- 
wave integrated circuit (MIC) housed in a metal 
package. The MIC is made up of a dielectric sub- 
strate supporting a GaAsFET transistor and option- 
ally other discrete active and/or passive compo- 
nents. On both faces of the substrate are deposited 
appropriate thin film metallizations in the form of 
lines or planes whose peculiar and mutual arrange- 
ment provides individual passive circuits with dis- 
tributed constants and transmission lines. The latter 
can be the microstrip, slotline, etc. type. 

Because of its peculiar embodiment technique, 
the MIC is also called 'Hybrid Thin Rim Microwave 
Circuit 1 . The term MIC is used hereinafter to sim- 
plify the description and express said terminology. 



The hermetic metal package acts as a rigid 
support for the MIC and simultaneously as a shield 
against electromagnetic disturbances. 

The low level microwave signal and the am- 

5 plified power signal enter and leave the amplifica- 
tion module by means of respective three-dimen- 
sional wave guide sections. The electromagnetic 
coupling between the signals travelling in the wave 
guide and the MIC circuits and vice versa takes 

w place by means of appropriate 'guide-microstrip 
transitions'. The latter comprise generally a compo- 
nent similar to a very short section of coaxial line 
having reduced diameter called 'glass bead' which 
interconnects a microstrip of the MIC to a probe 

75 which acts as an antenna directly within the cavity 
of a wave guide. The electrical operation of said 
transitions is of the reciprocal type, i.e. depending 
on the origin of the signal, a guide-microstrip tran- 
sition can act as a microstrip-guide transition. 

20 The electric power supplies for polarization of 
the active components are carried inside the mod- 
ule by means of one or more connectors con- 
nected to respective power sources. 

FIG. 1 shows a top view of a combination of 

25 two microwave amplification modules 1, 2 of known 
type for providing a single amplification module 
with double power. The modules 1 and 2 are 
connected to two wave guides 3 and 4 respectively 
used to convey an indentical low power level mi- 

30 crowave signal to the two GaAsFETs belonging to 
respective MICs of the modules 1 and 2. Only to 
illustrate the known art as concerns the field of 
application of the present invention it is not in- 
dispensable to detail the circuit structure of the 

35 MICs, which therefore is not specifically shown in 
FIG. 1. Coupling of the input signals between the 
guides 3 and 4 and the respective MICs takes 
place by means of guide-microstrip transitions of 
the type described above and indicated in the 

40 figures by reference numbers 5 and 6. 

The power amplified signals from the GaAs- 
FETs are taken from two microstrip-guide transi- 
tions 7 and 8 identical to the above and taken 
outside the respective amplification modules by 

45 means of two other wave guides 9 and 10. The 
latter belong to a wave guide power combiner 
which adds together the two identical amplified 
signals to provide a single signal with double pow- 
er. 

50 The power sources for polarization of the 
GaAsFETs are connected to the modules 1 and 2 
by means of power connectors indicated by 1A, 1B 
and 2A, 2B which, inside the modules 1 and 2, are 
in turn connected to conductive lines of the respec- 

55 five MICs which reach the electrodes of the GaAs- 
FETs, connecting them to the power sources. But 
first the power supplies are filtered by means of 
appropriate decoupling filters of the type diagram- 
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med in FIG. 2 and placed in series with the power 
supplies. The decoupling filters, called also po- 
larization filters, are included in the MICs of the 
modules 1 and 2. They prevent the radio frequency 
signal from reaching the power supply connectors. 

As may be seen in FIG. 1, the transitions 5 and 
7 of the module 1 are arranged along a common 
longitudinal axis, while the power supply connec- 
tors 1A and 1B of the same module are per- 
pendicular to said axis. An analogous arrangement 
also exists concerning the transitions 6 and 8 and 
the connectors 2A and 2B of the module 2. 

The above arrangement is not arbitrary, but is 
required by the fact that the cross dimensions of 
each module 1 and 2 are approximately equal to 
the cross dimensions of the wave guide to which 
they are connected. Consequently, on the walls of 
the modules connected to the wave guides there is 
no remaining space to house also the power sup- 
ply connectors. This is true generally because the 
growing miniaturisation in the field of microwave 
modules makes cross dimensions of the latter un- 
avoidably comparable to those of the wave guides 
with which they are interconnected. 

The greatest shortcoming of the modules of 
FIG. 1 is that they do not allow packing thereof 
capable of minimising the space occupied when 
several modules are connected in parallel. This is 
due to the fact that between two side by side 
modules it is necessary to leave an appropriate 
distance to allow connection of the cables to the 
power supply connectors. The disadvantages due 
to the above mentioned shortcoming are particu- 
larly evident in the space field, e.g. when several 
modules of the type of those of FIG. 1 are used to 
provide on board amplifiers for telecommunications 
satellites. In this case the larger spaces occupied 
by the equipment translate immediately into a con- 
siderable increase in mission costs. 

Accordingly the purpose of the present inven- 
tion is to overcome the above mentioned shor- 
tcomings and indicate a guide-microstrip transition 
integrating a polarization filter, particularly suitable 
for providing a high degree of packing of hermetic 
active modules operating at microwaves. 

To achieve said purposes the present invention 
has for its object a guide-microstrip transition for 
active modules hermetic operating at microwaves 
as set forth in claims 1 to 4. 

The transition which is the object of the present 
invention comprises a coaxial microline which, 
while maintaining the hermetic quality of the mod- 
ule, couples electromagnetically a microstrip be- 
longing to an active circuit placed in a niche of the 
module, to a probe acting as an antenna inside a 
resonating cavity communicating with a three-di- 
mensional wave guide conveying a radio frequency 
signal. 



The probe comprises in addition a cylindrical 
conductor of small diameter connected to an ar- 
mature of a discoid capacitor outside the resonat- 
ing cavity and to a power supply connector con- 

5 nected to a pole of a battery. Coaxial microline, 
cylindrical conductor, discoid capacitor and power 
supply connector are aligned along the same lon- 
gitudinal symmetry axis. 

The electrical length of the cylindrical conduc- 

w tor is equal to one-fourth the wavelength at the 
centre band frequency of the radio frequency sig- 
nal, and therefore it presents a high impedance to 
said signal which is short-circuited to ground by 
the discoid capacitor. The assembly of the cylin- 

75 drical conductor and the discoid capacitor con- 
stitutes a polarization filter for an active device 
connected to said microstrip. 

The guide-microstrip transition which is the ob- 
ject of the present invention, including the power 

20 supply aligned on the same axis as the coaxial 
microline, allows use of only two opposing walls of 
the hermetic module for input/output of the radio 
frequency signal and simultaneously for introduc- 
tion of the electric power supply for the GaAsFET. 

25 The other two opposing side walls remain free. It is 
thus possible to place the modules side by side 
while spacing them only enough for draining off of 
the heat produced and thus obtain the highest level 
of packing. 

30 The transition which is the object of the present 
invention allows expansion in an innovative manner 
of the definition of active module (in particular 
amplification), overcoming the concept of 'single' 
module and combination of 'single' modules. In- 

35 deed, as is better explained below, an SSPA power 
amplifier obtained from the paralleling of several 
identical amplifiers using the guide-microstrip tran- 
sitions in accordance with the present invention 
appears mechanically as a single module providing 

40 multiple amplification. 

Another object of the present invention is 
therefore a multiple active module including a mul- 
tiplicity of guide-microstrip transitions which are the 
object of the present invention as set forth in 

45 claims 5 to 9. 

From the above considerations it is clear that 
the transition in accordance with the present inven- 
tion contributes in a significant manner to reduction 
of the space occupied by the equipment operating 

50 with microwaves. The advantages which it brings 
are considerable and can be better appreciated in 
the space field, where a reduction of space oc- 
cupied means greater reliability of equipment and 
greater economy in the costs of orbiting and oper- 

55 ational maintenance of the satellite. 

Additional objects and advantages of the 
present invention are made clear by the detailed 
description given below of an example of embodi- 
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ment thereof and the annexed drawings given 
merely by way of nonlimiting example and wherein: 
FIG. 1 shows a top view of a combination of two 
microwave amplification modules in accordance 
with the known art, 

FIG. 2 shows an electrical diagram of a typical 
decoupling filter, 

FIG. 3 shows an overall view of a triple am- 
plification module in accordance with the 
present invention, and 

FIG. 4 shows a detailed cross section along 
plane A-A of the guide-microstrip transition of 
FIG. 3 in accordance with the present invention. 
FIG. 1 does not require further comment be- 
cause it is adequately explained in the introduction. 

FIG. 2 shows the typical configuration of a low 
pass filter with one LC cell. The filter shown is 
generally placed in series with the power supply 
battery of an active circuit, for decoupling of the 
power supply from a radio frequency signal RFm - 
(RFout) transiting in the circuit. 

The diagram comprises an inductor L con- 
nected to one end of a capacitor C which has its 
other end grounded. As may be seen below, L and 
C are the type suited for microwave operation. The 
radio frequency signal comes from (or comes out 
of) a first port P1 of the filter. A second port P2 of 
the filter is connected to the common point of the 
connection of L with C and to a power supply 
source not visible in the figures which supplies a 
direct voltage indicated by DC1 (or DC2). In opera- 
tion, the values of L and C are such that the 
passage of the radio frequency signal to the port 
P2 is prevented while the direct current delivered 
by the power supply source passes through the 
inductor L and reaches the port P1 without ob- 
stacle. 

With reference to FIG. 3 in which the symbols 
RF, n , RFou,, DC1 and DC2 are those of FIG. 2, 11 
indicates a triple amplification module of the SSPA 
type, so-called because it comprises three SSPA 
amplifiers integrated in a single structure. 

The triple module 1 1 consists of a metal pack- 
age 1V which acts as a housing and electromag- 
netic shield to a predominantly electrical part com- 
prising three MIC amplification circuits, not visible 
in the figure, six guide-microstrip transitions, of 
which only one is visible, six electrical connectors 
shown in exploded view and used for connection of 
the MICs to the power supply sources. 

The triple module 11 is also rigidly connected 
and electromagnetically coupled with a three-di- 
mensional waveguide part, not visible in the fig- 
ures. Excluding the guide part, the module 11 
appears as a parallelepiped with dimensions 6mm 
x 30mm x 50mm. The metal package IV is made 
from a single metal block by appropriate precision 
machining. 



Along the centre line, of the upper face of. the - 
module are visible three identical rectangular 
niches 12, 13 and 14 used for housing of an equal 
number of MICs. The power supply connectors, all 

5 identical and indicated generally by the symbol 
CNT, are aligned along the axis of respective hous- 
ing holes 15 visible on two opposing side faces of 
the module 11. The number of said connectors 
depends on the fact that to each MIC arrive two 

w different polarization voltages of the GaAsFETs. 

After assembly of all the components, the 
niches 12, 13 and 14 are closed hermetically by 
means of an equal number of covers not visible in 
the figures. Therewith the triple module 1 1 appears 

75 like an actual single block having great compact- 
ness and mechanical strength. 

In the figures is shown a cross section along 
plane A-A which cuts the thickness of the module 
11 parallel to a side face not involved with the 

20 power supply connectors and passing through the 
centre line of the niche 12. The cross section 
shows the exact location of a guide-microstrip tran- 
sition in accordance with the present invention, 
indicated generally by TRANS and placed on the 

25 input side of a MIC. An identical transition is placed 
on the output side of the same MIC. As may be 
seen from the figure, each amplifier has a longitudi- 
nal symmetry axis along which are aligned two 
power supply connectors, two transitions and one 

30 MIC. 

The symmetry of such a configuration allows, 
as mentioned above, minimization of the reciprocal 
distance between the amplifiers, reducing it enough 
to allow thermal dissipation of the heat produced 

35 by the active devices. 

On the lower face of the module and not visible 
in the figures are present six rectangular windows 
indicated by F in the cross section view and placed 
at the sides of the niches 12, 13 and 14 opposite 

40 the transitions. Said windows place the module in 
communication with the wave guides and allow 
completion of the transitions with the parts in input 
and output wave guide. The dimensions of the 
windows F coincide with those of the cross sec- 

45 tions of the respective wave guides. 

The guides used are those indicated in the 
standards by the initials WR42 to which corre- 
sponds a cross section of 10.8mm x 4.5mm. The 
three output wave guides are interfaced with a 

so power combiner in a three-way guide of known 
type. The combiner used in the triple module of the 
example is described in the article entitled, 'Low- 
loss Power Combiners at Mm-Wave Frequencies 
for Onboard Solid State Power Amplifiers 1 by Fulvio 

55 Bonecchi, published in the Proceedings of an Inter- 
national Workshop on 'Solid State Power Amplifiers 
for Space Applications', 15-16 November 1989 
ESA/ESTEC, Noordwijk, The Netherlands, pages 
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It is clear that by using the production criteria 
of the invention described it is possible to provide 
a multiple amplification module in which the num- 
ber of amplifiers is increased on the basis of the 
overall power requirements. 

With reference to FIG. 4, in which the same 
elements as in FIG. 3 are indicated by the same 
symbols, there is noted the metal package 1V with 
the rectangular niche 12 and the side hole 15. The 
niche 12 houses a MIC 16 and in the hole 15 is 
introduced a power supply connector CNT. 

Between the niche 12 and the hole 15 is in- 
cluded a resonant cavity 17 open at the bottom 
corresponding with the rectangular window F. A 
wave guide 18 with rectangular cross section is 
rigidly connected to the lower face of the package 
1V and communicates with the resonant cavity 17 
through the rectangular window F. 

In the cross section shown in the figures it can 
be seen that the resonant cavity 17 extends up- 
ward for nearly the entire thickness of the module. 
A cross section of the module along a plane per- 
pendicular to that of the figure would show that the 
dimensions of said cavity in this plane coincide 
with those of the window F and therefore with those 
of a cross section of the wave guide 18. The hole 
15 is in communication with the resonant cavity 17 
and allows introduction of everything needed to 
realise the transition. The cavity 17 does not how- 
ever remain open at the sides because, as seen 
below, the opening communicating with the hole 15 
will be appropriately closed. 

In the metal wall dividing the rectangular niche 
12 from the resonant cavity 17 is made a hole 19 
in which is inserted a coaxial microline 20 of known 
type, e.g. that manufactured by Wiltron and in- 
dicated as a type K100 'glass support bead 1 . The 
microline 20 possesses a central conductor 21 
whose ends penetrate inside the niche 12 and the 
cavity 17 respectively. Therefore, and due to the 
fact that the dielectric of the microline 20 is a glass 
cylinder 22, the latter is called also 'glass bead'. A 
metallization 23 extending to the side surface of 
the dielectric cylinder 22 is the external coaxial 
conductor of the microline 20. The ends of the 
central conductor 21 are welded to a microstrip of 
the MIC 16 connected to the electrodes of a GaAs- 
FET 24 and to a metal probe 25 inside the reso- 
nant cavity 17 respectively. The metallization 23 is 
welded to the package 11'. 

The probe 25 is a single cylindrical body made 
up of three parts having different diameters. A first 
part 25 placed between the other two and of great- 
er diameter than the fatter, is the actual probe. A 
second part 25', of intermediate diameter, has a 
hole in which is introduced and welded the central 
conductor 21 of the microline 20. Finally, a third 



part 25", of smaller diameter than the above, is a 
cylindrical conductor of diameter 0.2mm extending 
to approximately 3/4 the depth of the hole 15. 

In the resonant cavity 17 is introduced a pro- 

5 tective Teflon cap 26 comprising a smaller diam- 
eter extension 26' extending for part of the hole 15. 
The cap 26 has a central passing hole 27 in which 
it receives the probe 25 complete with its parts 25' 
and 25". The hole 27 is restricted opposite the 

70 conductor 25". 

In the hole 15 is screwed a threaded coaxial 
metal support 28 having a passing central hole 29 
consisting of two adjoining sections of different 
diameter. After screwing in, the coaxial support 28 

is nearly completely closes the opening of the reso- 
nant cavity 17 communicating with the hole 15. The 
resonant cavity 17 now communicates with the 
exterior only through the hole 29. 

Inside the smaller diameter hole section 29 is 

20 visible the extension 26' of the Teflon cap 26 with 
in its centre the cylindrical conductor 25". The 
latter emerges from the Teflon to extend inside the 
hole section 29 of greater diameter where it tra- 
verses the centre of a discoid capacitor housed 

25 there. A first armature of the capacitor 30 is in 
electric contact with the cylindrical conductor 25" 
and with the power supply connector CNT. The 
latter is cylindrical and has a central hole 31 in 
which is introduced and welded therein the cylin- 

30 drical conductor 25". A second armature of the 
capacitor 30 is in contact with the coaxial metal 
support 28 at the point where the hole 29 changes 
diameter. 

The end of the connector CNT in contact with 
35 the first armature of the capacitor 30 has a diam- 
eter slightly greater than that of the remaining 
cylindrical body to aid the electrical contact. An 
insulating plug 32 drilled in the centre closes the 
hole 29 hermetically. An electrical wire 33 welded 
40 to the power supply connector CNT connects the 
latter to a pole of a battery, not visible in the 
figures, which supplies the direct voltage DC1 
adapted to the polarization of the GaAsFET 24 and 
the required current. The other pole of the battery 
45 is connected to the metal package IV which con- 
stitutes the common reference ground for the mod- 
ule circuits. 

As regards the seal of the module, it may be 
noted that the microline 20 hermetically closes the 

so hole 19. A similar closing takes place provided by 
an identical microline (not shown in the figures) 
located on the opposite side of the MIC 16. The 
two microlines together with a cover 34 welded to a 
cornice 35, in turn welded to the walls of the niche 

55 12, seal hermetically the MIC 16 in said niche. 

From all the above considerations, and as may 
be seen in FIG. 4, the transition which is the object 
of the present invention is made up of predomi- 
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nantly cylindrical elements connected together so 
as to be aligned along a common longitudinal sym- 
metry axis. The latter coincides with the symmetry 
axis of the coaxiaJ microline 20, probe 25, discoid 
capacitor 30, power supply connector CNT, coaxial 
support 28 and also the Teflon cap 26 and the 
holes 19, 27, 15, 29 and 31. The MIC 16 is parallel 
to said longitudinal symmetry axis which is per- 
pendicular to the window F and consequently to 
the cross section of the wave guide 18 at the 
connection point thereof with the module 11. 

In operation, the transition of FIG. 4 couples 
the radio frequency signal RF in to the input elec- 
trode of the GaAsFET 24 allowing voltage and 
current polarization to said transistor. More pre- 
cisely, the direct current necessary for operation of 
the MIC 16 runs through the electric wire 33, power 
supply connector CNT, cylindrical conductor 25', 
probe 25 and in its extension 25', central connector 
21 of the coaxial microline 20, and lastly the micro- 
strip of the MIC 16, reaching the drain electrode of 
the GaAsFET 24. The above elements are all in 
electrical contact with each other and subjected to 
the same voltage DC1 applied between the source 
and drain electrodes of the GaAsFET 24, polarizing 
it. 

The radio frequency signal RF, n , carried by the 
wave guide 18, is electromagnetically coupled with 
the resonant cavity 17 which resonates at the work- 
ing frequency of 20GHz. The probe 25, which acts 
as an antenna inside the cavity 17, takes the signal 
RF jn and transfers it to the coaxial microline 20. 
Thence it runs through the microstrip of the MIC 16 
and reaches the source electrode of the GaAsFET 
24. The way to the power supply connector CNT is 
closed to the RF in signal by a decoupling filter 
consisting of the cylindrical conductor 25" together 
with the discoid capacitor 30. 

The filtering configuration is that of FIG. 2 in 
which the inductor L corresponds to the section of 
the cylindrical conductor 25" lying between the 
probe 25 and the capacitor 30. The capacitor C is 
the capacitor 30. The port PI corresponds to the 
connecting point of the conductor 25" with the 
probe 25, and lastly the port P2 is the connecting 
point of the wire 33 to the power supply connector 
CNT. 

The electrical length of the section of conduc- 
tor 25" lying between the probe 25 and the first 
armature of the capacitor 30 is one-fourth the wave 
length of the RF tn at the operating frequency of 
20GHz. As is known, 'electrical length" is a number 
expressing the phase displacement introduced by 
a transmission line. Its expression is found by 
multiplying the phase constant 0 of the line by the 
physical length 1 thereof. The constant 0 depends 
on the speed of "propagation of the signal along the 
line. It should be stated that the speed of propaga- 



tion of the signal travelling along the conductor 25" 
changes in correspondence of the Teflon extension 
26\ Indeed, it constitutes the entire insulating core 
of a coaxial line whose central conductor is 25" 

5 and the coaxial conductor is the metal wail of the 
smaller diameter section of the hole 29. Calculation 
of the physical length of the one-fourth wave sec- 
tion consisting of the conductor 25" allows for an 
average propagation speed. 

70 The above section has high impedance at the 
signal RF, n ,obstructing passage of the signal cur- 
rents to the connector CNT. In addition, because of 
its very small diameter and peculiar location in the 
cavity 17, it does not disturb the cavity at all. 

75 The discoid capacitor 30 behaves like an ideal 
short circuit for the signal RF ln , discharging to 
ground the residual signal current which traverses 
the conductor section 25". The probe 25, as con- 
cerns the signal RF in , is perfectly decoupled from 

20 the power supply connector CNT. Indeed, the short 
circuit represented by the capacitor 30 is reported 
by the conductor section 25", one-fourth wave 
long, as an open circuit at the connection point with 
the probe. 

25 The probe 25 is dimensioned so as to maxi- 
mize energy transfer, in the useful band of the 
radio frequency signal RF ln ,from the resonant cav- 
ity 17 to the coaxial microline 20. The dimensions 
of the probe depend on the centre band frequency 

30 and the overall geometry of the transition. A study 
of the field radiated inside the resonant cavity 17 
carried out by means of the Green functions pro- 
vides a first solution of the problem. Theoretical 
considerations useful for this purpose are set forth, 

35 for example, in the volume entitled 'Microwave 
Transition Design', by J. Izadian, published by Ar- 
tec!) House in 1988; or 'Field Theory of Guided 
Waves', by R. Collin, published by McGraw-Hill in 
1960. 

40 Measurements of the insertion losses per- 
formed between the input and the output of a 
circuit configuration comprising a guide-microstrip 
transition placed in series with a microstrip-guide 
transition, supplied an attenuation of only 0.2dB at 
45 20GHz. 

Measurements of the frequency response of 
said circuit configuration, showed a flat response in 
an entire frequency interval extended beyond the 
limits of f D t10%, where f D is the central frequency 
50 of 20GHz. 

Measurements of the return losses of the same 
configuration, supplied a value lower than -17dB in 
the entire above frequency interval. 

Significant tests were also performed on the 
55 individual amplifiers of the module 11 and no in- 
stability was found. 

All of the measurements performed show fur- 
ther significant advantages of the guide-microstrip 
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transition described, and in particular: low losses, 
broad operating band, and excellent impedance 
matching. 

Claims 

1. Guide-microstrip transition in active modules 
operating at microwaves and comprising a co- 
axial microline which, while maintaining seal of 
the module, electromagnetically couples a 
microstrip of an active thin film circuit placed 
inside a module niche to a probe acting as an 
antenna inside a resonant cavity communicat- 
ing with a three-dimensional wave guide carry- 
ing a radio-frequency signal, characterized in 
that: 

said probe (25) comprises a cylindrical 
conductor of small diameter (25") placed main- 
ly in the resonant cavity (17) and connected to 
a first armature of a discoid capacitor (30) 
outside the resonant cavity; 

in that a power supply connector (CNT), 
connected to a pole of a battery having its 
other pole grounded, is also connected to said 
first armature of the discoid capacitor (30), a 
second armature of the capacitor being con- 
nected to ground; 

in that said coaxial microline (20), said 
cylindrical conductor (25"), said discoid ca- 
pacitor (30) and said power supply connector 
(CNT) are aligned along a same longitudinal 
symmetry axis; and 

in that a section of said cylindrical conduc- 
tor (25") lying between the probe (25) and the 
first armature of the discoid capacitor (30) has 
an electrical length equal to one-fourth the 
wavelength at the centre-band frequency of 
said radio frequency signal (RF| n ,RFout), said 
section having high impedance to said signal 
and constituting together with the discoid ca- 
pacitor (30) a polarization filter for an active 
device (24) connected to said microstrip. 

2. Guide-microstrip transition in accordance with 
claim 1 characterized in that it also comprises 
a coaxial metal support (28) integral with the 
module and aligned along said longitudinal 
symmetry axis and having a first passing cen- 
tral hole (29) communicating with the outside 
of the module and with an aperture of said 
resonant cavity (17) from which emerges said 
cylindrical conductor (25"), said first hole (29) 
receiving also said discoid capacitor (30) and 
said power supply connector (CNT). 

3. Guide-microstrip transition in accordance with 
claim 2, characterized in that: 

said first hole (29) comprises two contig- 



uous sections of different diameter in which a 
section of smaller diameter communicates with 
said resonant cavity (17) and houses said cy- 
lindrical conductor (25")and a section of larger 

5 diameter communicates with the outside of the 

module and houses said discoid capacitor (30) 
and said power supply connector (CNT), 

said second armature of the capacitor (30) 
is in contact with said coaxial metal support 

io (28) at the point where said first hole (29) 

changes diameter, and 

said cylindrical conductor passes through 
a second central hole of said capacitor (30) 
penetrating into a third central hole (31) of said 

75 power supply connector (CNT). 

4. Guide-microstrip transition in accordance with 
claim 1 or 3, characterized in that said reso- 
nant cavity (17) includes a probe protective 

20 cap of dielectric material (26) comprising an 

extension (26') extending inside the section of 
smaller diameter of said first hole (29) and said 
protective cap (26,26') having a fourth central 
hole (27) in which is located said probe (25) 

25 including said cylindrical conductor (25"). 

5. Active multiple module operating at micro- 
waves, characterized in that it comprises: 

2N first holes (15) made along two oppos- 
30 ing side faces of the module and said holes 

terminating within first apertures of respective 
2N opposing resonant cavities (17) having sec- 
ond apertures communicating with 2N wave 
guides (18) carrying radio frequency input and 
35 output signals (RF ln ,RFout) connected to one 

face of the module perpendicular to said side 
faces, 

N niches (12,13,14) housing as many N 
circuits active with microwaves in planar tech- 

40 nology (16) and each niche lying between two 

of said opposing resonant cavities, 

2N coaxial microlines (20) which, maintain- 
ing the seal of the module, electromagnetically 
couple 2N microstrips of said N active circuits 

45 (16) to as many 2N probes (25) acting as 

antennas inside said 2N resonant cavities (17) 
and each probe (25) comprising in addition a 
cylindrical conductor of small diameter (25') 
emerging from the first aperture of the respec- 

50 tive resonant cavity (17), 

2N discoid capacitors (30) located within 
said 2N first holes (15) outside the resonant 
cavities (17) and having first armatures con- 
nected to said cylindrical conductors (25") and 

55 second armatures connected to ground, 

2N power supply connectors (CNT) placed 
inside said first holes (15) outside the resonant 
cavities (17) which are also connected to said 
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first armatures of the discoid capacitors (30) 
and also connected to a pole of a battery 
having its other pole grounded, 

said multiple module being further char- 
acterized in that the sections of said cylindrical s 
conductors (25") lying between the probes (25) 
and said first armatures of the discoid capaci- 
tors (30) have an electrical length one-fourth 
the wave length at the centre-band frequency 
of the respective radio frequency signals io 
(RFjn.RFout), and said sections having high im- 
pedance to said signals and constituting to- 
gether with the respective discoid capacitors 
(30) as many polarization filters for active de- 
vices (24) connected to said microstrips. is 

6. Active multiple module in accordance with 
claim 5, characterized in that it also comprises 
2N coaxial metal supports (28) inserted in said 

2N first holes (15) and integral with the module 20 
and having along their axis respective second 
holes (29) communicating with the outside of 
the module and with said 2N first apertures of 
said 2N resonant cavities (17) from which 
emerge said cylindrical conductors (25"), said 25 
2N second holes (29) receiving also said 2N 
discoid capacitors (30) and said 2N power 
supply connectors (CNT). 

7. Active multiple module in accordance with 30 
claim 6, characterized in that: 

said 2N second holes (29) comprise two 
respective contiguous sections of different di- 
ameter of which 2N sections of smaller diam- 
eter communicate with said 2N resonant cav- 35 
(ties (17) and house said 2N cylindrical con- 
ductors (25"), and 2N sections of larger diam- 
eter communicate with the outside of the mod- 
ule and house said 2N discoid capacitors (30) 
and said 2N power supply connectors (CNT), 40 

said second armatures of the capacitors 
(30) are in contact with said coaxial metal 
supports (28) at the points where said second 
holes (29) change diameter, and 

said cylindrical conductors (25") pass 45 
through respective third holes made in the 
centre of said discoid capacitors (30), penetrat- 
ing into respective fourth holes (31) made 
along the axis of said power supply connectors 
(CNT). 50 

8. Active multiple module in accordance with 
claim 1 or 7, characterized in that said 2N 
resonant cavities (17) include 2N respective 
probe protective caps of dielectric material 55 
(26) comprising as many extensions (26') ex- 
tending inside the sections of smaller diameter 

of said second holes (29) and said protective 



caps (26,26') having. along their axis respective . 
fifth holes (27) inside which are housed said 
probes (25) including their cylindrical conduc- 
tors (25"). 

9. Multiple active module in accordance with 
claim 1, characterized in that it is a multiple 
amplification module in which said N active 
circuits (1 6) are N identical amplifiers to whose 
inputs arrive N identical low power level radio 
frequency signals and at whose outputs are 
present N identical amplified signals reaching 
N wave guides which are part of a wave guide 
power combiner. 
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